Nutritional support

Amount matters?
The benefit of early enteral nutrition (EN) could be mostly related to its trophic effect on gut mucosa [6] . This may explain the finding that early EN compared to late EN is associated with reduced mortality in unselected ICU patients [7] . In addition, early nutritional support has been advocated with the premise of mitigating the catabolic status associated with critical illness.
On the other hand, studies in animals with bacterial sepsis suggest that anorexia may be protective and that provision of nutrients to cover full energy expenditure may be detrimental. Mice infected with L. monocytogenes had a dose-dependent decrease in food intake and had higher mortality when given enteral supplementation by force of 1 kilocalorie twice daily (equivalent of onefifth of healthy mouse daily food intake) [8] . This may be mediated through upregulation of autophagy, which plays a critical role in clearing pathogens and in removal of damaged proteins and organelles [5] .
In critically ill humans and in contrast to former observational findings, several randomized controlled trials showed that EN targeting energy expenditure in the early phase of critical illness did not improve survival or any other clinical outcome compared to trophic feeding or permissive underfeeding [9] [10] [11] [12] . In contrast, higher energy intake resulted in increased insulin requirements and gastrointestinal complications and possibly infections [9] [10] [11] [12] . Taken together, current data argue for a progressive and stepwise increase of nutrition [13] ( Fig. 1 ).
Timing matters?
Two clinical trials in critically ill adults and children demonstrated that early supplemental parenteral nutrition (PN) compared to PN delayed by 1 week was associated with delayed recovery, decreased likelihood of live discharge from the ICU, and increased renal and infectious complications [14, 15] . One explanation is that early full PN might suppress autophagy in the early phase of illness, when it is most needed. Another explanation is that during the acute phase, endogenous energy production is high and cannot be suppressed by exogenous energy provision, and thereby providing full calories exogenously leads to overfeeding with its negative effects [1] . On the other hand, augmenting nutritional support after that phase may help in recovery by supplementing macronutrients that are needed for tissue repair. Unfortunately, there is no marker at present that signals the transition point from catabolic to anabolic phase of critical illness, which is likely to vary among patients.
However, without modern critical care, most of the ICU patients would not survive; therefore adaptation mechanisms may turn into maladaptation and probably should not just be observed for prolonged time, e.g., prolonged full starvation in patients with prolonged hemodynamic instability is unlikely to be beneficial. Results of available studies need to be interpreted with caution considering non-nutritional energy provision (dextrose and propofol). Nevertheless, the issue of timing may explain conflicting results regarding the route and amount, suggesting that timing and amount should always be interpreted together as a composition [16] . Additionally, data on the optimal amount of protein during the acute and recovery phases are limited and several RCTs are ongoing at present.
Type of patient matters?
Another aspect is related to the heterogeneity of critically ill patient population, in terms of nutritional status, gastrointestinal function, hemodynamic status, and the nature of illness. Based on observational data, nutritional assessment tools, such as the Nutrition Risk in Critically ill (NUTRIC) score, have been suggested to identify critically ill patients most likely to benefit from aggressive nutrition therapy [17] . However, post hoc analysis of data from the PermiT trial (The Permissive Underfeeding versus Target Enteral Feeding in Adult Critically Ill Patients trial) showed that the NUTRIC score could not differentiate who might benefit or be harmed from permissive underfeeding or standard feeding [18] . In patients with refeeding syndrome (hypophosphatemia within 72 h of initiation of nutrition), restricted versus standard caloric intake resulted in no difference in the primary endpoint Early Acute Phase L ate Acute Phase R ecovery Phase
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Minimize damage Provide energy and micronutrients to minimize (large) deficits of nutrients and muscle wasƟng Minimize GI mucosal atrophy (preserve mucosal integrity), minimize feeding intolerance and related complicaƟons [13] of the number of days alive after ICU discharge, but with more patients alive at day 60 [19] . Among patients on vasopressors, PN or EN-targeting normocaloric goals within 24 h after intubation did not result in a difference in the primary endpoint of 28-day mortality or ICUacquired infections, but was associated with an increase in bowel ischemia and acute colonic pseudo-obstruction [20] . Whether these results can be extrapolated also to other subpopulations of critically ill and whether a lowdose early feeding with gradual increase would make a change in such comparison of EN vs PN remain to be clarified. Taken together, no patient groups for any specific nutritional intervention can currently be distinguished based of phenotypes, whereas benefit of early full nutrition has not been proven in any subgroup.
In conclusion, in the early acute phase of critical illness, harm from both full starvation and overfeeding should be minimized, whereas full nutrition can enhance recovery only after transition into anabolic phase. To detect such transition in metabolism and modify clinical nutrition to support adaptation, but at the same time, fight maladaptation during prolonged acute phase remains major challenge. Current data support early EN (within 24-48 h), if no contraindication, started at low dose and increased gradually. During the recovery phase, increased protein and energy should be provided to support anabolic repair processes.
